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ABSTRACT

Geoelectrical sounding and physicochemical analyses were conducted on the topsoil underlying
Osupa area in Ogbomoso, south western Nigeria to evaluate the soil corrosivity on the metallic
water pipelines across the area. Schlumberger electrical resistivity soundings were conducted at 24
stations with electrode spacing varied from 1 to 100 m. The resistivity data were interpreted by
using partial curve matching and computer-aided 1D inversion. Physicochemical analyses were
also conducted on soil samples collected from about 1 m depth in test pits dug at points coincident
with the sounding stations, following the BS/AWWA/ANSI Standards for Corrosivity testing to
determine the soil pH, redox potential, moisture content and chloride content. The soil corrosivity
was evaluated based on soil resistivity alone and the combined effect of soil pH and resistivity. The
studied soils have resistivity ranging from 10 Qm to 492 Om and thickness varying from 0.5 m to
4.6 m. The pH, moisture content, redox potential and chloride content range from 4.22 to 8.41,
14.33% to 29.09%, +50 mV to +97 mV and 102 ppm to 196 ppm respectively. The corrosivity
intensity, based on the combined effect of soil pH and resistivity is essentially Medium-to- Medium-
High being Medium at 10 locations, Medium-High at 8 locations, and High, Medium-Low, and Low
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at 2 locations each. More reliable information can be obtained about soil corrosivity toward buried
metallic structures if the combined effect of the soil parameters affecting soil corrosion is

considered.

Keywords: Metallic pipeline; resistivity; soil pH; combined effect; soil corrosivity.

1. INTRODUCTION

Pipelines for transporting water, crude oil or
natural gas, are known to be undergoing
corrosion induced by the hosting soll
environment all over the world. Corrosion is a
major cause of the failure of underground
pipelines. It is the oxidation and electrochemical
breakdown of the structure of pipes used to
convey liquid or gas from production to
distribution. It occurs naturally as a gradual and
continuous attack on metallic materials in the
presence of moisture and oxygen, resulting in the
formation of oxides of the metal with subsequent
loss of strength, ductility and other mechanical
properties [1].

Water pipelines are usually buried in soils within
the top 1 m, for safety and security. It is
important to investigate the soil environment in
which the pipes will be laid for corrosivity, to
forestall failure of the pipelines attributable to
corrosion-induced rupture and leakage, with
consequent environmental degradation and
financial burden, considering the costs of
replacement and rehabilitation [2-5].

Soils and their inherent properties are key factors
influencing corrosion of underground metallic
pipes. The rate at which metallic pipes rupture
depends on the corrosivity of the hosting soll
environment. The major soil properties that
influence external corrosion of metallic pipelines
buried in soil include resistivity, moisture content,
pH, redox potential, and chloride and sulphide
contents [6]. They are naturally occurring and
play an active role in the process by which the
surface of a metallic pipe structure is oxidized or
reduced by chemical or electrochemical reaction
within the soil environment.

The water pipes buried in the topsoil of the study
area have corroded over time, making it
impossible to supply potable water to the use of
the teeming population. Evaluation of corrosivity
of the hosting soil environment is key in the
investigation of metallic pipeline failure [7-9].
Since there is no prior information about
corrosion characteristics of the soils of the study
area on buried metal pipes, it has become
necessary to determine the soil corrosivity to
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guide in the choice of pipes for the rehabilitation
programme to restore the pipelines.

Geoelectrical method and physicochemical
analyses were therefore employed to evaluate
the corrosivity of topsoil on underground metallic
water pipes around Osupa area, Ogbomoso,
south western Nigeria. The objectives are to
determine the resistivity values and
physicochemical properties of the topsoil across
the study area, determine the intensity of
corrosion based on resistivity values alone and
combined effect of soil parameter which affect
soil corrosivity toward metallic pipes in the study
area.

The study area is located within Latitudes
08°7.56'N - 08°8.13'N and Longitudes 04'14.18’E
- 04°14.60’E (Fig. 1) with elevation ranging from
370m to 373mabove sea level. It lies within the
Precambrian basement complex of south
western Nigeria [10] and is underlain by
quartzite, which occurs with quartz schist as
quartzite-quartz schist complex (Fig. 2).

2. MATERIALS AND METHODS

The study was carried out by using geoelectrical

method and physicochemical analyses. The
geoelectrical method employed the
Schlumberger vertical electrical sounding to

determine apparent resistivities at twenty-four
stations across the study area with the aid of an
ABEM 1000 resistivity meter and its accessories.
The current electrode spacing (AB/2) varied from
1 to 100 m. The field layout is shown in Fig. 3.
The apparent resistivity data were interpreted
using partial curve matching and computer
assisted 1D inversion algorithm [11].

The physicochemical analyses  entailed
laboratory tests conducted on soil samples
collected from about 1 m depth in the topsoil to
determine soil parameters such as pH, redox
potential, temperature, moisture  content,
resistivity and chloride ion (CI) content following
the American and British Standards [6,12]. The
soil samples were collected at points coincident
with the sounding stations beneath which
resistivities of the topsoil were measured. The
topsoils at different parts of the study area were
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then classified in terms of corrosivity intensity
based on their resistivity values [13-16] as
presented in Table 1 and Table 2, and the
corrosive soil load function of pH and resistivity
according to European Standard [17] shown in
Table 3.

3. RESULTS AND DISCUSSION

The results of the resistivity survey and
physicochemical analyses on the soil samples
are presented in Table 4. The resistivity of the
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topsoil ranges from 10 Qm to 492 Qm while its
thickness varies from 0.5 m to 4.6 m. The topsoil
is predominantly clay with resistivity values
mostly less than 100 Qm. Clayey soils tend to
have low resistivity and are corrosive toward
buried metallic structure. The finer the particles
of soil are, the more corrosive it is toward buried
metallic structures. Soil resistivity plays a
significant role in the evaluation of soil corrosivity
since corrosion is an electrochemical reaction
[18,19,20]. It may thus be used to theoretically
classify the intensity of soil corrosivity.
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Soils having resistivity below 200 Qm are
generally considered to be corrosive [13-16].
Since the majority (87.5%) of the topsoil
resistivity is in this class, the topsoil beneath the
study area is mainly corrosive and may have
contributed to the deterioration of the buried
metallic water pipes. In addition, since soil
corrosion reactions are associated with ionic
current flow, low soil resistivity enhances
corrosion of buried metallic pipes while high soll
resistivity inhibits it [21,22].

The moisture content of the studied soil ranges
from 14.33% to 29.09% characteristic of moist
soils with fair drainage [6]. Low moisture content
generally suggests high resistivity and low soil
corrosivity [8,23,24]. An increase in soil moisture
content lowers soil resistivity and favours
corrosion of metallic structures.

The soil pH varies from 4.22 to 8.41 which lie
within the common range of 4 to 10 [7]. While the
pH values for samples 1-3 and 16-21 range from
4.22 to 6.20 and suggest acidic soil, samples 4,
9-11, 14, 15 and 22-24 have pH ranging from
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6.93 t07.37 indicating neutral soils. The pH range
of 7.83-8.41 for samples 5-8, 12, 13 is
characteristic of basic environment. Corrosion of
buried steel and iron pipes are known to be
enhanced considerably by acidic sall
environments [19,20].

Redox potential (ORP) is the relative potential of
an electrochemical reaction under equilibrium
conditions. It is used to describe a soil's overall
reducing or oxidizing capacity. In well-
oxidized/aerobic environment, redox potential
may be as high as +300 mV to +500 mV while it
may be below +100 mV or even negative in a
reduced/anaerobic environment [25]. The values
for the study area range from +50 mV to +97 mV
indicating low concentration of oxygen and
reduced soil environment which can support
corrosion of metallic pipes in the presence of
sulphate-reducing bacteria [26,27].

The studied soils have Chloride content ranging
from 102 ppm to 196 ppm and can be said to be
corrosive [14-16]. The contribution of Chloride
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(CI) is very significant to soil corrosivity as
increase in the chloride content in soil tends to
enhance ionic current flow associated with
corrosion reactions, reduce the soil resistivity,
and consequently increase the soil corrosivity on
buried metallic pipes [28,29].

Soil corrosion of buried metallic structures is a
complex phenomenon since it is not a
consequence of a single parameter, but a
combination of different factors characteristic of
the local soil conditions that influence
deterioration [30]. The soil parameters are
affected and influenced by one another directly
and/or indirectly. Soil resistivity generally
decreases with increasing moisture content and
concentration of ionic species while chloride
content is inversely related to pH. Moisture
content, chloride content, temperature and pH
thus contribute to the overall soil resistivity.

Redox potential (E;) and pH are related since
most redox processes consume or release
hydrogen ions (H"). E, decreases with increasing
soil pH. Soils with high moisture content, high
electrical conductivity (i.e., low electrical
resistivity), high acidity and high dissolved salts
will be most corrosive [22].

Considering the interrelationship between the soil
parameters that affect corrosion of buried
metallic structures, an assessment of soil
corrosivity based on consideration of only one
out of the many variables involved can be
misleading. If pH data are combined with soil
resistivity data, more reliable information can be
obtained about the degree of soil corrosivity
toward buried metallic pipes. The European
Standard EN 12501-2: 2003 [17] provides a
qualitative assessment of soil corrosivity taking
into account the contribution of pH and resistivity.

Table 1. Classification of soil corrosivity in terms of resistivity [based on [13])

Soil Resistivity [Qm]

Soil Corrosivity

<10
10-60
60-180
> 180

Very strongly corrosive (VSC)
Moderately corrosive (MC)
Slightly corrosive (SC)
Practically noncorrosive (PNC)

Table 2. Rating of soil corrosivity intensity based on soil resistivity (adapted from [14,15,16])

Soil Resistivity [Qm]

Soil Corrosivity

>200
100-200
50-100
30-50
10-30
<10

Essentially Non Corrosive
Mildly Corrosive
Moderately Corrosive
Corrosive

Highly Corrosive
Extremely Corrosive

Table 3. Corrosive soil load function of pH and resistivity (based on European Standard [17])

pH Resistivity in Qcm Resistivity in Om Soil Corrosivity
<3.5 Any Any High
35-45 <4500 <45 High

>4500 > 45 Medium-High
45-55 <4500 <45 High

4500 — 5000 45 -50 Medium-High

> 5000 > 50 Medium
55-6.0 <1000 <10 High

1000 - 5000 10 -50 Medium-High

5000 — 10000 50-100 Medium

> 10000 >100 Medium-Low
6.0-9.5 <1000 <10 High

1000 - 3000 10 -30 Medium-High

3000 - 10000 30-100 Medium

10000 — 20000 100 -200 Medium-Low

> 20000 > 200 Low
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Table 4. Soil parameters of topsoil from the study area

Sample/ Resistivity Moisture content pH Redox Potential Cl' [ppm]
VES No. [Qm] [%] [mV]

1 33 27.94 6.20 70 103
2 29 26.38 4.22 68 106
3 42 29.09 5.78 73 102
4 28 21.38 7.16 76 123
5 22 25.42 8.35 80 133
6 18 19.82 7.93 81 165
7 25 15.54 8.37 97 168
8 27 22.63 8.41 82 162
9 138 24.06 6.98 74 196
10 56 24.20 7.00 83 190
11 42 24.71 6.94 78 194
12 37 23.86 8.04 50 145
13 44 14.69 7.83 65 137
14 40 18.14 7.37 67 154
15 262 14.58 6.93 80 104
16 85 18.83 6.11 95 116
17 430 15.96 6.09 84 132
18 492 17.55 5.88 91 110
19 16 15.62 472 63 122
20 52 14.33 4.86 86 136
21 10 19.18 5.45 59 127
22 57 23.13 7.00 70 145
23 28 22.45 7.34 82 147
24 56 22.92 7.05 93 143

The corrosivity rating of the soils of the study
area based resistivity alone [13-16] and corrosive
soil load function of pH and resistivity according
to European Standard EN 12501-2: 2003 [17] are
presented in Table 5. The ranking by Baeckman
and Schwenk [13], based on resistivity alone,
reveals that most of the studied soils (19 out of
24 samples) are Moderately corrosive, while
samples 9 and 16 are Slightly corrosive, and
samples 15, 17 and 18 are Practically
Noncorrosive.

The European Standard EN 12501-2: 2003,
based on combined effect of soil pH and
resistivity ranks samples 2-8 and 23 as Medium-
High compared to the Moderately corrosive rank
by Baeckman and Schwenk [13] and Highly
corrosive/Corrosive rank by Robinson [14],
NACE [15] and Escalante [16]. Samples 19 and
21 are ranked as High; samples 9 and 18 are
Medium-Low while samples 15 and 17 are Low.
Only 10 samples, comprising samples 1, 10-14,
16, 20, 22 and 24 are ranked as Medium out of
the 19 samples in the equivalent Moderately
corrosive rank by Baeckman and Schwenk [13],
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including the Corrosive samples 1, and 11-14 of
Robinson [14], NACE [15] and Escalante [16].
The corrosivity of the studied soils based on
combined effect of soil pH and resistivity is
essentially Medium-to-Medium-High being
Medium at 10 locations, Medium-High at 8
locations, and High, Medium-Low and Low at 2
locations each.

The rankings are presented in the corrosivity
map in Figs. 4-6 all of which show increase in
corrosivity from west to east across the study
area with a middle belt of medium corrosivity
widest and most pronounced in Fig. 6 in which
the combined effect of soil resistivity and pH has
been considered. The soil corrosivity is Medium-
High to the north, east and south of the middle
belt, and Medium-Low to Low westward. The
identification of zones of different corrosion
intensity/severity is expected to guide in the
selection of safe pipeline paths and appropriate
methods of corrosion control for the rehabilitation
programme and subsequent maintenance
schemes.



Akinlabi and Olaiya; JGEESI, 25(5): 46-56, 2021; Article no.JGEESI.66723

Table 5. Soil Corrosivity rating based on only resistivity and combined effect of pH and resistivity

Sample No. p[Om] pH Corrosivity rating

Baekmann & Schenwenk 1975* Robinson’93*,NACE‘93*& Escalante European EN 12501-

‘95* 2:2003**

1 33 6.20 Moderately Corrosive Corrosive Medium
2 29 4.22 Moderately Corrosive Highly corrosive Medium-High
3 42 5.78 Moderately Corrosive Corrosive Medium-High
4 28 7.16 Moderately Corrosive Highly corrosive Medium-High
5 22 8.35 Moderately Corrosive Highly corrosive Medium-High
6 18 7.93 Moderately Corrosive Highly corrosive Medium-High
7 25 8.37 Moderately Corrosive Highly corrosive Medium-High
8 27 8.41 Moderately Corrosive Highly corrosive Medium-High
9 138 6.98 Slightly Corrosive Mildly corrosive Medium-Low
10 56 7.00 Moderately Corrosive Moderately corrosive Medium
11 42 6.94 Moderately Corrosive Corrosive Medium
12 37 8.04 Moderately Corrosive Corrosive Medium
13 44 7.83 Moderately Corrosive Corrosive Medium
14 40 7.37 Moderately Corrosive Corrosive Medium
15 262 6.93 Practically Noncorrosive Essentially Noncorrosive Low
16 85 6.11 Slightly Corrosive Moderately corrosive Medium
17 430 6.09 Practically Noncorrosive Essentially Noncorrosive Low
18 492 5.88 Practically Noncorrosive Essentially Noncorrosive Medium-Low
19 16 4.72 Moderately Corrosive Highly corrosive High
20 52 4.86 Moderately Corrosive Moderately corrosive Medium
21 10 5.45 Moderately Corrosive Highly corrosive High
22 57 7.00 Moderately Corrosive Moderately corrosive Medium
23 28 7.34 Moderately Corrosive Highly corrosive Medium-High
24 56 7.05 Moderately Corrosive Moderately corrosive Medium

p = soil resistivity. *Based on soil resistivity alone. **Based on combined effect of soil pH and resistivity
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4. CONCLUSIONS

In this study, the results from geoelectrical
sounding and physicochemical analyses for

assessing the corrosivity of topsoil on
underground metallic pipelines have been
presented. It has been shown that the

consideration of resistivity values alone may not
be effective in the evaluation of soil corrosivity on
buried metallic structures. The European
Standard EN 12501-2: 2003, based on combined
effect of soil pH and resistivity reveals that the
soil corrosivity is mainly medium to medium-high
compared to the moderately corrosive rank by
Baeckman and Schwenk [13] and moderately
corrosive/corrosive/highly  corrosive rank by
Robinson [14], NACE [15] and Escalante [16]
which are based on resistivity values alone.

More reliable information can be obtained if the
combined effect of the various soil parameters
affecting soil corrosion is considered. The
identification of zones of different corrosion
intensity is expected to guide in the selection of
safe pipeline paths and appropriate methods of
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corrosion control for rehabilitation programme
and subsequent maintenance schemes.
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